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ABSTRACT 


A method for producing uniform vacuum- deposited films on large 
substrates from a single, small area evaporation source is described. 

The procedure is being applied to the deposition of a uniform 
coating of magnesium fluoride on a 39-inch diameter vacuum-deposited 
aluminum mirror for use in the far ultraviolet. The magnesium fluoride 
restricts the oxidation of the aluminum and a uniformly high reflectance 
surface is obtained. Results of tests on a large number of two-inch 
square samples, arranged to duplicate the size and paraboloidal shape 
of the mirror, indicate that a reflectance of 82 +2 percent at Lyman 
alpha can be expected. 
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INTRODUCTION 

Interest in the measurement of ultraviolet radiation of extraterrestrial origin has expanded 
in recent years as a result of the increasing ability to send instrument packages beyond the earth’s 
ultraviolet- absorbing atmosphere. 

Aluminum is the most important vacuum ultraviolet reflecting material known today, since it 
has the highest normal- incidence reflectance in the spectral region above 1000 A of any material 
studied. Its reflectance is approximately 90 percent or greater almost throughout the spectrum 
from the infrared down to 1400 A, falling to about 86 percent at 1026 A. In the region below 2000 A, 
however, the natural formation of aluminum oxide results in extensive degradation of reflectivity 
due to absorption. For example, at 1216 A the reflectance of aluminum will drop from 86 percent 
to 40 percent in a matter of hours when exposed to air, as the result of the formation of an oxide 
film only 20 A thick. 

It is well known that this reduction in the reflectance of aluminum can be prevented by a pro- 
tective coating of magnesium fluoride (Reference 1). With a magnesium fluoride overcoating 250 A 
thick, reflectances of 80 percent or greater can be achieved at 1216 A and the reflectance remains 
high at all longer wavelengths. This relatively small decrease below that of freshly evaporated 
aluminum is a result of absorption and interference by the overcoating. Below 1200 A, the absorp- 
tion by the magnesium fluoride reduces reflectance sharply. 

Aging of magnesium fluoride- on- aluminum coatings under normal storage conditions results 
in substantially no change in reflectance. A drop of 1-2 percent over a period of two years is 
typical (Reference 1). 

Certain applications require uniform reflectance over large substrate areas. Since reflect- 
ance is highly sensitive to the thickness of the magnesium fluoride, in that increasing the thick- 
ness from 250 A to 380 A reduces the reflectance at Lyman alpha (1216 A) from 80 to 55 percent, 
it becomes necessary to control the deposit uniformity. Generally, thickness uniformity can be 
achieved by use of an evaporation source specifically designed to yield a uniform distribution or 
by altering the evaporant pattern from a source having a non-uniform distribution. 
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Some success has been achieved through the first approach using a ring source of tungsten 
wire loaded with the evaporant at even intervals (Reference 2). While powdered materials such 
as magnesium fluoride cannot readily be adapted to a ring source arrangement, it is probable that 
the same effect could be achieved with a small area source and a rotating substrate. 

The technique used in the present work is based on the second approach, in which the thickness 
distribution from the magnesium fluoride source was altered by inserting a shutter between the 
source and the rotating substrate. The substrate requiring the vacuum ultraviolet reflecting coat- 
ing was a 39-inch diameter paraboloidal mirror in the vacuum-optical-bench facility at GSFC. The 
mirror, which has a 7-inch diameter central hole, is used for checking optical experiments on 
satellites such as the Orbiting Astronomical Observatory (OAO). 


SHUTTER DESIGN 

The technique of using a shutter to intercept varying amounts of a vapor stream was first 
utilized by Strong (Reference 3) to deposit a film of varying thickness on a spherical surface. The 
procedure was adapted by Behrndt (Reference 4) to the problem of producing vapor deposited films 
on numerous components simultaneously. While it is possible to rotate either the shutter or the 
substrate, the set-up of the evaporator used for this work made the latter alternative easier. 

Although the mirror to be coated is paraboloidal, its radius of curvature at the vertex is suffi- 
ciently large, (154.4 inches) so that for the purpose of designing the shutter, its surface was con- 
sidered flat. 

The thickness of the coating on a flat substrate located above a point source or small area 
source is at a maximum directly above the source and decreases radially. The distribution can 
be calculated with the following equation from Holland (Reference 5) 

t l 

to “ L d 2 \ 2 ’ 
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where t is the thickness at a distance d from the point directly above the source, t 0 is the maxi- 
mum thickness (at d= 0 ), andh is the height of the substrate above the source. 

A uniform film is obtained if, for all values of d less than d max (at the edge), the amount of 
vapor passing the shutter is reduced to that at the edge. By using the following substitutions ac- 
cording to Behrndt (Reference 4), 



the fraction p of the vapor stream which has to be intercepted at any point d less than d max is 
given by 

X - y 

P = — x ’ 


and the angle included by the shutter at that distance is 360 p. Due to physical limitations, the 
shutter cannot be located in the same plane as the substrate; it must be installed at a height b less 
than h, i.e., closer to the source. The shape of the shutter is then calculated using the equation 



where d' is the distance from the center on the shutter corresponding to the distance d on the 
substrate. 

The shutter can be divided into any number of equal portions with the same results. In fact, 
the greater this number the smaller the magnitude of non-uniformity due to shadowing as a result 
of a non-integral number of rotations during the period of evaporation. 

The actual shutter was composed of two sections as shown in Figure 1, because of ease of 
fabrication and the simplicity with which it could be supported within the vacuum chamber. 

ALUMINUM COATING 

In order to obtain a nearly opaque coat- 
ing of aluminum on a substrate of the stated 
size, it was necessary to use 16 tungsten fila- 
ment sources loaded with aluminum staples. 

These were located in a circle concentric with 
the substrate with their longitudinal axes 
radially directed. It is not feasible to open the 
vacuum chamber between the aluminum and Figure 1 - Contour of shutter, 

magnesium fluoride evaporations and still ob- 
tain a satisfactory reflective coating. There- 
fore, the shutter must be in position during the aluminum evaporation. Since the arrangement of 
filaments did not constitute a point or small surface source, it is not likely that the aluminum coat- 
ing was uniform. However, satisfactory coatings can be produced with aluminum films ranging in 
thickness from 700 A to 900 A (Reference 1) and it was not necessary to include a mechanical de- 
vice for moving the shutter out of the way during the aluminum evaporation. To prevent bare areas, 
the substrate was rotated at 90 rpm during the aluminum deposition as well as during the overcoating 
with magnesium fluoride. 
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MONITORING THICKNESS 


The aluminum evaporation was monitored by measuring the change in reflectance of a 2- inch 
by 2-inch glass slide mounted on the underside of the shutter. A monochromatic light source with 
a wave length of 2537 A was used and the reflected radiation was picked up by a photomultiplier 
microphotometer. When the reflectance reached a maximum, the evaporation was stopped. Since 
the mirror has a 7- inch diameter hole in its center, the distortion of the shutter contour due to 
the presence of the monitoring slide does not affect the areas to be coated. 

After the substrate had been coated with aluminum, the monitor readout was set to full scale 
and the magnesium fluoride evaporation begun. When the reading dropped to a value previously 
determined to correspond to the optimum thickness, the evaporation was halted. 


RESULTS 

Since it is not feasible to measure reflectance of a 39-inch diameter substrate, tests were 
run using a fixture containing a number of 2-inch by 2-inch glass slides arranged to duplicate the 
size and curvature of the mirror. 

A preliminary test was made to determine whether or not the use of the shutter would re- 
sult in the predicted thickness uniformity. Slides were partially masked and coated with magnesium 
fluoride. The masks were removed and the slides were coated with a flash of aluminum. The 
height of the magnesium fluoride step on each slide was measured with a high resolution inter- 
ference microscope. A plot of thickness against radial distance is shown in Figure 2. Thickness 
is expressed as percentage of the fringe spacing, and is uniform over the entire substrate. 

The next step was to measure the variation in reflectance over the substrate area when it 
had been coated with an ultraviolet reflecting coating, to determine whether some variable other 
than magnesium fluoride film thickness, such as angle of incidence, might affect the reflectance. 
These measurements were made with a one-meter normal incidence monochromator provided with 
a reflectance attachment. The results can be seen in Figure 3. The average reflectance was 82 
percent with a variation of ±2 percent over the entire surface. 



Figure 2 - Magnesium fluoride thickness distribution Figure 3 - Reflectance distribution 

expressed as percentage of fringe spacing. at Lyman alpha. 


The lines drawn through the data points in Figures 2 and 3 were determined by the method of 
least squares. It can be seen by examination that in each case the line slopes slightly upward 
toward the center of the substrate. It appears, therefore, that for the conditions of the tests, the 
reflectance uniformity is solely dependent on the uniformity of the magnesium fluoride deposit. 


CONCLUSIONS 

These results have shown that the technique of altering the pattern of flow of magnesium fluoride 
vapor from a small area evaporation source can be successfully applied to the problem of obtaining a 
uniformly reflective ultraviolet coating on large substrates. The small variations in reflectance 
can be attributed, in part, to the assumption of a flat substrate when designing the shutter. These 
can probably be decreased by using the more complex equation for thickness distribution on a 
spherical substrate (Reference 6), since this would more closely approximate the actual curvature 
of the paraboloidal mirror. 

According to Behrndt (Reference 4), other factors which may contribute to non-uniform thick- 
ness are non-uniform heating of the melt, shadowing on the surface of the melt by the walls of its 
container, slag formation on the surface of the melt, and eccentricity of the source with respect 
to the axis of rotation. 

Due to the geometry of the coating system used for these tests, the center of the source was 
displaced about 2 inches from the axis of rotation, which may have had some effect on uniformity. 

The effect of the other factors, if they existed, was probably minimized by rotation of the substrate 
rather than the shutter. 
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